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(57) ABSTRACT

Provided is a motor position detecting unit that includes a first
computing element configured to output three-phase back-
electromotive foreces (back-EMFs) based on a linear compu-
tation; a second computing element configured to output
three-phase back-EMF based on a non-linear computation;
and a computing controller configured to receive a control
signal, three-phase voltage and current, and selecting any one
of the first and second computing elements based on the
received control signal, the received three-phase voltages and
currents, wherein the control signal includes information on
operation modes of an external motor.

9 Claims, 7 Drawing Sheets

140
1418
o
TN S A 143
’ X 1st Computing Element M—J) o

f 1495 - E, | Position pQT
: (} i Estimator
: ! f
g 2nd Computing Element §
j }
; i

SEL

142

;

a.b.c
CTRL »

Comput ing Controller




U.S. Patent

Sep. 8, 2015

Sheet 1 of 7

Fig. 1

CIRL—

110 120
Motor )
v PN UL, W
Driving 5 N R
Unit [nver ter
140
-
T Position
X il Detecting }e
Unit

I

CTRL

US 9,130,486 B2

130

BLDC
Motor



US 9,130,486 B2

Sheet 2 of 7

Sep. 8, 2015

U.S. Patent

JOIBW1 18] ©
15d Uuoi11804 "] ey
S
!
Ebi
ovl

;e

181103000 BUTIndwoy

f

Rz

/ JES
el m

n yuswe 13 DUt Indwon pug

>,
4
iyl

_ Yuswe {3 BuInduony 1St

e o e o o e o o oo}

J

s

Bl

¢ o1

LD



U.S. Patent Sep. 8, 2015 Sheet 3 of 7 US 9,130,486 B2

Fig. 3

CTRL ————»
Register pm 3 1, C

[NP 1420
] i

U, iy Comparator p—— SEL

3




U.S. Patent Sep. 8, 2015 Sheet 4 of 7 US 9,130,486 B2

Fig. 4A




U.S. Patent Sep. 8, 2015 Sheet 5 of 7 US 9,130,486 B2

Fig. 4B

o]
L]




US 9,130,486 B2

Sheet 6 of 7

Sep. 8, 2015

U.S. Patent

15d -y

191 10l1u00 But)ndwon

m\\ _ Ve
vz 135
pens e RO U 1
;
1uawe iy Bulindwon Yyiu W
;
W
uLpe i
. m
W
. . :
; ;
; :
v w
rusitia g Bulindwon pug M
. ) [ Y
islogieq | 50108185 | » /
Ud11180d 3 1nding Give B
.Imll 10108185
N 7 juBlis g Bu)induwony 181 indut
(24 G¥d ' -
« .\H
Bire vh
0ve

G ‘914

LD

3_ us



U.S. Patent Sep. 8, 2015 Sheet 7 of 7 US 9,130,486 B2

Fig. 6




US 9,130,486 B2

1
MOTOR POSITION DETECTING UNIT AND
BRUSHLESS DC MOTOR SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims prior-
ity under 35 U.S.C. §119 of Korean Patent Application No.
10-2012-0144139, filed on Dec. 12, 2012, the entire contents
of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

The present invention disclosed herein relates to a motor,
and more particularly, to a motor position detecting unit and
a brushless DC (BLDC) motor system to which the motor
position detecting unit is applied.

A motor is a device for converting electrical energy into
mechanical energy by using a force which is applied to a
current in a magnetic field. The motor is classified into an AC
motor and a DC motor according to the type of an input power
source. The AC motor supplies a current to a coil of a stator to
change a magnetic field and rotate a rotor. The DC motor
supplies a certain current to the rotor to rotate it. In this case,
the DC motor uses a brush to enable a current to flow in a
certain direction regardless of a position of the rotor.

Recently, as a power electronic control technology devel-
ops, a brushless direct current (BLDC) motor that uses an
electronic switching technology and does not use a commu-
tator is being provided. Since the BLDC motor does not use
the commutator, there are no limitations on a heat emission
and an abrasion of the commutator due to mechanical friction.
However, in order to control the BLDC motor, a separate
device for detecting a position of the rotor is required.

SUMMARY OF THE INVENTION

The present invention provides a motor position detecting
unit with enhanced performance and a BLDC motor system
to which the motor position detecting unit has been applied.

Embodiments of the present invention provide motor posi-
tion detecting unit in which includes a first computing ele-
ment configured to output three-phase back-EMF on the basis
of'a linear computation; a second computing element config-
ured to output three-phase back-electromotive forces (back-
EMFs) on the basis of a non-linear computation; and a com-
puting controller configured to receive a control signal, three-
phase voltages and currents, and configured to select any one
of'the first and the second computing elements on the basis of
the received control signal and the received three-phase volt-
ages and currents, wherein the control signal includes infor-
mation on operation modes of an external motor.

In example embodiments, the first computing element is a
linear computing element and the second computing element
is a non-linear computing element.

In example embodiments, the motor position detecting unit
further comprises a position detector outputting a position
signal of a motor rotor on the basis of an output of the selected
computing element of the first and second computing ele-
ments.

In example embodiments, the computing controller com-
prises a register configured to store a first computing input
sections, select a first computing input section on the basis of
the control signal and output the selected the first computing
input section; and a comparator configured to compare the
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first computing input section and the three-phase voltages and
currents, and output a selection signal based on the result of
the comparison.

In example embodiments, the selection signal is related to
select any one of the first and second computing elements.

Inexample embodiments, the motor position detecting unit
further comprises third to n-th computing elements comput-
ing the three-phase back-EMF's on the basis of a linear com-
putation that is different from that of the first computing
element.

In example embodiments, the register further includes sec-
ond to m-th computing input sections other than the first
computing input section. The third to n-th computing ele-
ments compute the three-phase back-EMFs corresponding to
the three-phase voltages and currents that are included in the
second to m-th computing input sections.

Another embodiment of present invention provides a
brushless direct current (BLDC) motor system in which com-
prises a motor driving unit configured to output a plurality of
switching signals on the basis of a control signal and a posi-
tion signal; a pulse width modulation (PWM) inverter con-
figured to output three-phase voltages on the basis of the
plurality of switching signals; a BLDC motor configured to
operate on the basis of the three-phase voltages; and a posi-
tion detecting unit configured to sense a position of a rotor of
the BLDC motor and configured to output the position signal.
The position detecting unit in which comprises a first com-
puting element configured to output three-phase back-elec-
tromotive forces (back-EMFs) on the basis of a linear com-
putation; a second computing element configured to output
the three-phase back-EMFs on the basis of a non-linear com-
putation; and a computing controller configured to receive a
control signal, the three-phase voltages and currents from the
PWM inverter, and select any one of the first and second
computing elements on the basis of the received control sig-
nal and the received three-phase voltages and currents. The
control signal includes information on operation modes of the
BLDC motor.

In example embodiments, the BLDC motor is sensor-less
BLCD motor.

In example embodiments, the BLDC motor system further
comprises a position detector configured to output a position
signal of a rotor of the BLDC motor on the basis of an output
of the selected computing element of the first and second
computing elements.

In example embodiments, the computing controller com-
prises a register configured to store a first computing input
section, and select the first computing input section on the
basis of the control signal and output the selected first com-
puting input section; and a comparator configured to compare
the first computing input section and the three-phase voltages
and currents and output a selection signal based on a result of
the comparison.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the present invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate exemplary embodiments of the present
invention and, together with the description, serve to explain
principles of the present invention. In the drawings:

FIG. 1 is a block diagram of a brushless direct current
(BLDC) motor system according to an embodiment of the
present invention;

FIG. 2 is a detailed block diagram of a position detecting
unit of FIG. 1;
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FIG. 3 is a detailed block diagram of a computing control-
ler of FIG. 2;

FIG. 4A is a graph of an operation of a position detecting
unit of FIG. 1;

FIG. 4B is a graph of a computing input section;

FIG. 5 is a block diagram of a position detecting unit
according to another embodiment of the present invention;
and

FIG. 6 is a graph of an operation of a position detecting unit
of FIG. 5.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion will be described with reference to the accompanying
drawings to fully explain the present invention in such a
manner that it may easily be carried out by a person with
ordinary skill in the art to which the present invention per-
tains.

In the case of a sensor-less brushless direct current (BL.DC)
motor system, a position of a rotor of the BLDC motor is
detected by computing a three-phase back-electromotive
force (back-EMF) based on three-phase voltages and cur-
rents. In this case, the BLDC motor system performs com-
puting by using a non-linear computing element. Since the
non-linear computing element is designed through approxi-
mation, there is a large computing error. However, the BLDC
motor system according to an embodiment of the present
invention selectively performs any one of non-linear and lin-
ear computations according to a plurality of operating modes
of BLDC motor (e.g., modes depending on a speed, a torque,
a load, a current, etc.). Thus, the present invention provides a
position detecting unit with enhanced performance and reli-
ability and a BLDC motor system to which the position
detecting unit has been applied.

FIG. 1is a block diagram of a BLDC motor system accord-
ing to an embodiment of the present invention. Referring to
FIG. 1, the BLDC motor system 100 includes a motor driving
unit 110, a pulse width modulation (PWM) inverter 120, a
BLDC motor 130, and a position detecting unit 140.

The motor driving unit 110 controls the PWM inverter 120
based on position signals PST and a control signal CTRL. For
example, the motor driving unit 110 may receive the position
signals PST from the position detecting unit 140. The motor
driving unit 110 may receive the control signal CTRL from an
external device. The control signal CTRL may be a signal that
is generated based on information on a desired speed, a
desired torque, etc. The motor driving unit 110 may control,
based on the received position signals PST and the received
control signal CTRL, a plurality of switches that are included
in the PWM inverter 120.

For example, the motor driving unit 110 may sense a rotat-
ing speed of the BLDC motor 130 based on the position
signals PST. If the rotating speed of the BLDC motor 130 is
slower than the desired speed, the motor driving unit 110
controls the plurality of switches in the PWM inverter 120 so
that frequencies of fundamental wave components of three-
phase voltages u, v, w become high. In example embodi-
ments, if the BLDC motor system 100 operates based on a
three-phase power source, the PWM inverter 120 may include
six power switches. In this case, the motor driving unit 110
will output six switching signals that control the six power
switches.

The PWM inverter 120 outputs three-phase voltages u, v, w
according to the control of the motor driving unit 110. For
example, the PWM inverter 120 may include a plurality of
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switches. The PWM inverter 120 receives a plurality of
switching signals from the motor driving unit 110 and outputs
the three-phase voltages u, v, w. In example embodiments, the
three-phase voltages u, v, w have a form of a square wave that
includes harmonics. In example embodiments, the plurality
of'switches may be provided based on a power semiconductor
device such as an insulated gate bipolar mode transistor
(IGBT), a gate turn-off thyristor (GTO), a power diode, and so
on.

The BLDC motor 130 may receive the three-phase volt-
ages u, v, w and operate based on them. For example, the
BLDC motor 130 includes a rotor and a stator. The rotor may
be provided as a permanent magnet. The three-phase voltages
u, v, w are applied to the stator. Since fundamental waves of
the three-phase voltages u, v, w are sinusoidal waves with
specific frequencies, magnetic fields that are generated from
the stator by variations of the three-phase voltages u, v, w. An
electromagnetic force occurs in the direction of the varying
magnetic field by electromagnetic induction. The rotor
rotates with the generated electromagnetic force.

In example embodiments, the BLDC motor 130 may not
include a position sensor. In other words, the BLDC motor
130 may be provided as a sensor-less type. The back-EMF
generated by an operation of the BLDC motor 130 includes
positional information of the rotor. For example, the rotor of
the BLDC motor 130 may be provided as a permanent mag-
net. That is, a rotating field occurs by the rotation of the rotor.
As a result of this, a back-EMF occurs by electromagnetic
induction. If the BLDC motor 130 operates based on the
three-phase voltages u, v, w, three-phase back-EMFs gener-
ated from the BLDC motor 130 will have a difference of an
electrical angle of 120. That is, it is possible to detect the
position of the rotor of the BLDC motor 130 based on the
difference between electrical angles of the three-phase back-
EMFs, frequencies of the three-phase back-EMFs and so on.

The position detecting unit 140 may detect the position of
the rotor in the BLDC motor 130 and output the position
signal PST based on the result of detection. For example, the
position detecting unit 140 may detect the three-phase volt-
ages u, v, w output from the PWM inverter 120. The position
detecting unit 140 may detect the three-phase currents i, i, 1,,,
output from the PWM inverter 120. The position detecting
unit 140 may compute three-phase back-EMFs E,, E,, E,,
based on the received three-phase voltages u, v, w and the
received three-phase currents i, i,, i,,. Inexample embodi-
ments, the position detecting unit 140 may selectively per-
form any one of non-linear and linear computations in order
to compute the three-phase back-EMFs E,, E,, E.,. In other
words, three-phase back-EMFs E , E | E  corresponding to
the plurality of operating modes of the BLDC motor 130 (e.g.,
modes depending on a speed, a torque, a load, a temperature,
an operating voltage, a current, etc.) may be computed.

FIG. 2 is a detailed block diagram of a position detecting
unit of FIG. 1. In example embodiments, a method and con-
figuration for computing u-phase back-EMF E , by a position
detecting unit 140 are described with reference to FIG. 2.
However, the scope of the present invention is not limited
thereto and the position detecting unit 140 may also compute
v-phase and w-phase back-EMFs E, and E,, based on a
method to be described below.

Referring to FIG. 2, the position detecting unit 140 may
compute the u-phase back-EMF based on u-phase voltage
and currentu, i, and output a position signals PST. In example
embodiments, the position detecting unit 140 selectively per-
forms any one of linear and non-linear computations accord-
ing to the operating mode of the BLDC motor 130. The
position detecting unit 140 includes first and second comput-
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ing elements 141a and 1415, a computing controller 142, and
a position estimator 143. The first and second computing
elements 141a and 1415 receive u-phase voltage and current
u and i,,. The first and second computing elements 141a and
14154 perform a predetermined computing operation based on
the u-phase voltage and current u and i,,. For example, the first
computing element 141a may be linear. In this case, the first
computing element 141 may perform computing such as
Equation 1 below.

Y=aX+b Equation 1

Referring to Equation 1, the term Y represents an output of
the first computing element 141a, the term X represents an
input of the first computing element 1414, and the terms a and
b represent parameters.

The second computing element 1425 may be non-linear. In
this case, the second computing element 1415 may perform
computing such as Equation 2 below.

Y=2/1+e~**-1 Equation 2

Referring to Equation 2, the term Y represents an output of
the second computing element 1415, the term X represents an
input of the second computing element 1414, and the term ¢
represents a parameter corresponding the operating mode of
the BLDC motor 130. In example embodiments, Equation 2
represents a computing operation of Sigmoid computing ele-
ment. However, the scope of the present invention is not
limited thereto and the second computing element 1415 may
be provided as a computing element with a non-linear com-
puting property.

In example embodiments, the parameters a, b, and ¢ of the
first and second computing elements 1414 and 1415 may be
respectively included in the first and second computing ele-
ments 141a and 1415. In an example embodiments, the
parameters a, b, and ¢ of the first and second computing
elements 141a and 1415 may be received from the computing
controller 142.

In example embodiments, if the first computing element
141a is linear and the second computing element 1415 is
non-linear, the first computing element 141a has more
enhanced accuracy than that of the second computing ele-
ment 1415. In example embodiments, if the second comput-
ing element 1415 is non-linear, the second computing ele-
ment 1415 may compute three-phase back-EMFs for the
whole operating range of the BLDC motor 130.

The computing controller 142 may receive u-phase voltage
and current u and i, and a control signal CTRL. The comput-
ing controller 142 may select any one of the first and second
computing elements 141a and 1415 based on the received
signals. For example, the control signal CTRL may include
operating mode information of the BLDC motor 130. The
computing controller 142 may select a computing input sec-
tion INP based on the control signal CTRL. The computing
controller 142 may determine whether the u-phase voltage
and current u, i,, are included in the selected computing input
section INP. The computing controller 142 outputs, based on
the result of the determination, a selection signal SEL that
represents selection information of any one of the first and
second computing elements 141a and 1415. In anexample
embodiments, the computing controller 142 may transmit
parameters corresponding to the operating modes of the
BLDC motor 130 to the first and second computing elements
141a and 1416. The computing controller 142 will be
described in more detail with reference to FIG. 3.

The position estimator 143 may output a position signal
PST based on three-phase back-EMF's output from any one of
the first and second computing elements 141a and 1415. For
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example, the position estimator 143 may receive the three-
phase electromotive forces. The position estimator 143 may
sense the position of a rotor based on frequencies, phase
differences, etc. of the back-EMFs and output a position
signal PST.

The position detector 140 according to an embodiment of
the present invention described above may perform a linear or
non-linear computation according to the operating mode of
the BLDC motor 130. Thus, the reliability and performance
of'a motor position detecting unit may be enhanced.

FIG. 3 is a detailed block diagram of a computing control-
ler of FIG. 2. Referring to FIGS. 2 and 3, the computing
controller 142 includes a control register 142a and a com-
parator 1425.

The control register 142a¢ may receive a control signal
CTRL. The control register 142a may output an input section
INP and parameters a, b, and ¢ in response to the received
control signal CTRL. For example, the control register 142a
may include computing input sections INP that corresponds
to a plurality of operating modes of the BLDC motor 130
(e.g., modes depending on a speed, a torque, a load, a tem-
perature, etc.). The computing input section INP may repre-
sent the range of u-phase voltage and current u and i,, that are
output based on a linear computation by the position detect-
ing unit 140. The control signal CRTL may include informa-
tion on the operating mode of a BLDC motor system 100. The
control register 142a may output information on an output
input section INP corresponding to the received control signal
CTRL. The control register 142a may include parameters a, b,
and c of the first and second computing elements 141a and
1415. The control register 142a may receive u-phase voltage
and current u and i,, and output parameters a, b, and ¢ corre-
sponding to the received u-phase voltage and currentu and i,
to the first and second computing elements 141a and 1415.

The comparator 1425 receives a computing input section
INP from the control register 142a. The comparator receives
the u-phase voltage and current u, i,. The comparator 142
may determine whether the received u-phase voltage and
current u and i,, are included in the received computing input
section INP, and output a selection signal SEL based on a
result of the determination. In example embodiments, inputs
and outputs of the first and second computing elements 141a
and 1415 may be selected based on the selection signal SEL.

FIG. 4A is a graph for a describing an operation of a
position detecting unit of FIG. 1. In example embodiments,
the X axis of the graph in FIG. 4A represents u-phase voltage
and the Y axis thereof represents u-phase back EMF. For
simple description, an operation of the position detecting unit
is described based on the relation between the u-phase voltage
and the u-phase back-EMF. However, the scope of the present
invention is not limited thereto.

Referring to FIG. 4A, the position detecting unit 140 may
select any one of the first and second computing elements
141a and 1415 according to the u-phase voltage u and com-
pute the u-phase counter electromotive power. For example,
the position detecting unit 140 may include a computing input
section INP. If the u-phase voltage u is included in the com-
puting input section INP, the position detecting unit 140 com-
putes the u-phase back-EMF E,, based on the first computing
element 1414a. On the contrary, if the u-phase is not included
in the computing input section INP, the position detecting unit
140 computes the u-phase back-EMF E , based on the second
computing element 1415. In example embodiments, the first
computing element 141¢ may be linear and the second com-
puting element 1415 may be non-linear.

FIG. 4B is a graph for a describing a method of selecting a
computing input section of FIG. 4A. In example embodi-



US 9,130,486 B2

7

ments, the X axis of the graph of FIG. 4B represents u-phase
phase voltage and the Y axis thereof represents the difference
between outputs of the first and second computing elements
141a and 1415.

Referring to FIGS. 2 and 4B, the second computing ele-
ment 1415 provided as a non-linear computing element as
described with reference to FIG. 2 may compute three-phase
back-EMFs for the whole operating range of the BLDC motor
130. The difference between outputs of the first and second
computing elements 141a and 14156 corresponding to the
computing input section INP is close to zero. In other words,
if u-phase voltage u corresponding to the computing input
section INP is received, the position detecting unit 140 may
compute u-phase back-EMF E, through the first computing
element 141a with more enhanced accuracy than that of the
second computing element 1415.

The position detecting unit 140 according to the present
invention described above detects a position of a rotor
through any one of linear and non-linear computing elements
based on received three-phase voltages. Thus, the present
invention provides a motor position detecting unit with
enhanced performance and reliability.

FIG. 5 is a block diagram of a position detecting unit
according to another embodiment of the present invention.
Referring to FIG. 5, a position detecting unit 240 includes first
to n-th computing elements 241a to 241», a computing con-
troller 242, a position detector 243, an input selector 244, and
an output selector 245.

The first to n-th computing elements 241a to 241z may
perform different computing operations. For example, each
of the first to n-th computing elements 241a to 2417 may be
any one of linear and non-linear computing elements and
include different parameters.

The computing controller 242 may include a plurality of
computing input sections, unlike the computing controller
141 described with reference to FIG. 2. For example, the
computing controller 242 may include first to third comput-
ing input sections INP_1 to INP_3. The operating modes of
the BLDC motor corresponding to each of the first to third
computing input sections INP_1 to INP_3 would be different
from one another. The computing controller 242 may select
any one of the first to third computing elements 241a to 241
based on the first to third computing input sections INP_1 to
INP_3 and sensed u-phase voltage and current u, i,. The
computing controller 242 outputs a selection signal SEL, and
aparameter PAR based on the selected result. As an example,
the parameter PAR output from the computing controller 242
would be a parameter corresponding to a computing element
selected among the first to n-th computing elements 241a to
241n.

Since the position detector 243 has been described with
reference to FIG. 2, a description thereof will be not repeated.
The input selector 244 and the output selector 245 selects any
one of the first to n-th computing elements 241a to 241z based
on the selection signal SEL output from the computing con-
troller 242, inputs u-phase voltage and current u, i,, and
outputs u-phase back-EMF E .

According to an embodiment of the present invention
described above, the position detector 243 includes a plurality
of computing input sections that perform a linear computa-
tion. If phase voltage and phase current that are included in
the plurality of computing input sections are sensed, the posi-
tion detector 243 selects any one of the first to n-th computing
elements 241a to 241 and computes back-EMF. Thus, the
present invention provides a motor position detector with
enhanced reliability and performance.
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FIG. 6 is a graph of an operation of a position detecting unit
of FIG. 5. The X axis of the graph of FIG. 6 represents u-phase
voltage u and the Y axis thereof represents u-phase back-EMF
E. As an example, assume that the position detecting unit 240
includes first to fourth computing elements 241a to 2414. In
addition, assume that the first to third computing elements
241a to 241c are linear and the fourth computing element
2414 is non-linear. However, the scope of the present inven-
tion is not limited thereto.

Referring to FIG. 6, the position detecting unit 240
includes the first to third computing input sections INP_1 to
INP_3. As an example, the position detecting unit 240 may
further include computing input sections other than the firstto
third computing elements INP_1 to INP_3 shown in FIG. 6.

The position detecting unit 240 may sense u-phase voltage
u. Ifthe sensed u-phase voltage u is included in any one of the
first to third computing input sections INP_1 to INP_3, the
position detecting unit 240 computes u-phase back-EMF E,
based on a linear computation. For example, the position
detecting unit 240 may include first to third computing ele-
ments 241a to 241¢ that correspond respectively to first to
third computing input sections INP_1 to INP_3. The position
detecting unit 240 determines where the u-phase voltage u is
included among the first to third computing input sections
INP_1 to INP_3. According to the determined result, the
position detecting unit 240 will compute u-phase back-EMF
E, based on any one of the first to third computing elements
241a to 241c. As an example, if u-phase voltage u is not
include in the first to third computing input sections INP_1 to
INP_3, the position detecting unit 240 may compute u-phase
back-EMF E,, based on the fourth computing element 2414
(that is non-linear).

An operation of the position detecting unit 240 described
with reference to the graph of FIG. 6 includes a plurality of
computing input sections, unlike the operation of the position
detecting unit 140 described with reference to the graph of
FIG. 4A. Thus, since a linear computing element with higher
computing accuracy than a non-linear computing element is
used in the plurality of computing input sections, a motor
position detecting unit with enhanced reliability and perfor-
mance and a BLDC motor system to which the position
detecting unit has been applied are provided.

As an example, the operation of the position detecting unit
described with reference to the graph of FIG. 6 may be
applied not only to the position detecting unit 240 of FIG. 5
but also to the position detecting unit 140 of FIG. 2. For
example, the computing controller 140 of the position detect-
ing unit 140 of FIG. 2 may further a plurality of computing
input sections INP_1 to INP_n. The computing controller
may further a plurality of parameters that correspond to the
plurality of computing input sections INPs. The computing
controller 140 may sense u-phase voltage u. In this case, the
computing controller 140 may output a parameter corre-
sponding to a computing input section INP in which the
u-phase voltage u is included. In other words, the computing
controller 140 may regulate parameters a, b, ¢ of the first and
second computing elements 141a and 1415 to perform a
linear computation on the plurality of input sections INP_1 to
INP_n.

The motor position detecting unit according to the present
invention described above selectively performs any one ofthe
linear and non-linear computations based on the plurality of
computing input sections. Thus, a motor position detecting
unit with enhanced reliability and performance and a BLDC
motor system to which the position detecting unit has been
applied are provided.
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While particular embodiments of position detection of a
BLDC motor system have been described in detail, several
variations may be made without departing from the scope of
the present invention. For example, components of the posi-
tion detecting unit may be applied to other systems that need
anon-linear computation. Therefore, the scope of the present
invention should be not limited to the embodiments described
above and should be defined by the following claims and
equivalents thereof.

What is claimed is:

1. A motor position detecting unit comprising:

a plurality of computing elements including:

a first computing element configured to output three-
phase back-electromotive forces (back-EMFs) on the
basis of a linear computation; and

a second computing element configured to output the
three-phase back-EMFs on the basis of a non-linear
computation; and

a computing controller configured to receive a control sig-

nal, three-phase voltages and currents, and configured to

select any one of the plurality of computing elements on
the basis of the received control signal and the received
three-phase voltages and currents,

wherein the computing controller includes:

a register configured to store one or more computing
input sections, select one of the computing input sec-
tions on the basis of the control signal, and output the
selected computing input section; and

a comparator configured to compare the selected com-
puting input section and the three-phase voltages and
currents, and output a selection signal based on a
result of the comparison, and

wherein the control signal includes information on opera-

tion modes of an external motor.

2. The motor position detecting unit of claim 1, wherein the
first computing element is a linear computing element and the
second computing element is a non-linear computing ele-
ment.

3. The motor position detecting unit of claim 1, further
comprising a position detector outputting a position signal of
a rotor of the external motor on the basis of an output of the
selected computing element of the plurality of computing
elements.

4. The motor position detecting unit of claim 1, wherein the
selection signal is related to selecting any one of the plurality
of computing elements.

5. The motor position detecting unit of claim 1, wherein the
plurality of computing elements further includes a third com-
puting element computing the three-phase back-EMFs on the
basis of a linear computation that is different from that of the
first computing element.

6. The motor position detecting unit of claim 5, wherein the
one or more computing input sections include first and second
computing input sections, the first computing input section
having a range that is different from that of the second input
section,
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wherein the first computing element computes the three-
phase back-EMFs when the three-phase voltages and
currents are included in the first computing input sec-
tion, and

wherein the third computing element computes the three-
phase back-EMFs when the three-phase voltages and
currents are included in the second computing input
section.

7. A brushless direct current (BLDC) motor system com-

prising:

a motor driving unit configured to output a plurality of
switching signals on the basis of a control signal and a
position signal;

a pulse width modulation (PWM) inverter configured to
output three-phase voltages on the basis of the plurality
of switching signals;

a BLDC motor configured to operate on the basis of the
three-phase voltages; and

a position detecting unit configured to sense a position of a
rotor of the BLDC motor and configured to output the
position signal, wherein the position detecting unit com-
prises:

a first computing element configured to output three-
phase back-electromotive forces (back-EMFs) on the
basis of a linear computation;

a second computing element configured to output the
three-phase back-EMFs on the basis of a non-linear
computation; and

a computing controller configured to receive a control
signal, the three-phase voltages and currents from the
PWM inverter, and select any one of the first and
second computing elements on the basis of the
received control signal and the received three-phase
voltages and currents,

wherein the computing controller includes:

a register configured to store one or more computing
input sections, and select one of the computing
input sections on the basis of the control signal, and
output the selected computing input section; and

a comparator configured to compare the selected
computing input section and the three-phase volt-
ages and currents, and output a selection signal
based on a result of the comparison, and

wherein the control signal includes information on
operation modes of the BLDC motor.

8. The BLDC motor system of claim 7, wherein the BLDC

motor is a sensor-less BLDC motor.

9. The BLDC motor system of claim 7, further comprising

a position detector configured to output a position signal of a
rotor of the BLDC motor on the basis of an output of the
selected computing element of the first and second computing
elements.



